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Abstract: Oxidation by Hydrogen peroxide (H2O2) alone is not effective for degradation of heterocyclic nitrogenous
pharmaceutical compounds in water containing pyridine derivatives, because of low rates of reaction at reasonable H2O2
concentrations. Transition metal salts e.g. iron salts and UV-light can activate H2O2 to form hydroxyl radicals, which are
strong oxidants . Pyridine derivatives like (2-AP) 2-aminopyridine can be toxic to certain life forms and are rated as priority
pollutants by (USEPA) United States Environmental Protection Agency. In the present study degradation of 2-AP using
Fenton’s reagent ( iron salt and hydrogen peroxide) in combination with UV light (Photo-Fenton) is used to maximise
percent 2-AP and Chemical Oxygen Demand (COD) removal. Also effect of pH, H2O2 concentration and iron
concentration on 2-AP degradation efficiencies were investigated at different doses of 2-AP ranging from10-80mg/L using
synthetic samples. At [H2O2]:[Fe2+ ] :: [30-47]:1 for Fenton process and [H2O2]:[ Fe2+]:: [27-40]:1 for Photo-Fenton process ,
maximum 2-AP and COD removal was obtained. 2-AP removal of 95.3% and 100% respectively for Fenton and PhotoFenton was obtained at pH= 3 corresponding to 10 mg/L initial concentration. The degree of mineralisation achieved was
89% and 94% COD removal. Studies showed that Photo-Fenton treatments are effective in almost complete degradation of
2-AP and can be used to treat polluted water bodies containing pyridine derivatives.
Keywords: 2-Aminopyridine, Chemical Oxygen Demand, Fenton, Photo-Fenton, Hydroxyl radical.

1.INTRODUCTION
1.1 Background: The use of (PPCPs) Pharmaceutical
and Personnel Care Products continues to grow
worldwide on par with many agrochemicals. Unlike
agrochemicals, which are disposed off or discharged
into the environment on a continual basis via
domestic/industrial sewage and wet-weather runoff,
PPCPs are in part subjected to the metabolism of the
user; then the excreted metabolites plus some
unaltered parent compounds are released into sewage.
They are also released by the people through disposal
of unwanted and expired drugs directly into the
domestic sewerage system or via leachate from
landfills. Through these processes, these chemicals
enter the environment, where they are considered
pyridine derivatives like 2-aminopyridines can be
toxic to certain life forms. [21]. These are rated as
priority pollutants by (USEPA) United States
Environmental Protection Agency [10].
Of the three monoaminopyridines, 2Aminopyridine appears to have the highest
production, ranging from 10,000 to 500,000 pounds
from 1986-2002 except in 1998 when production
climbed to 1,000,000 to 10,000,000 pounds [18]. 2Aminopyridine has various uses, but is primarily a
starting material in the production of various drugs.

pseudo-persistent because the transformation/removal
rate from the environment is compensated by the rate
of replacement, a direct result of long-term use by
consumers in higher quantities and subsequent
improper
disposal[12].Nitrogen
containing
heteroaromatic pharmaceutical compounds like
pyridine have received immense attention recently,
because of their presence in the environment and their
toxic and carcinogenic potential and hazardous effect
on natural environment. Due to its toxicity and
nauseating odour, discharge of pyridine-containing
waste does great damage to human health and the
environment [2]. Furthermore, some of the
The primary use of 2-Aminopyridine is as an
intermediate
in
the
manufacturing
of
pharmaceuticals,particularly antihistamines and
piroxicam. 2-Aminopyridine may also be an
intermediate in the production of ciclopiroxolamine,
diphenpyramide, methaqualone, propiram fumarate,
pyrilamine, triprolidine, and zomepirac [5, 15, 22].
1.2 Environmental Problems: 2-Aminopyridine's
production and use as an intermediate for
antihistamines and other pharmaceuticals may result
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in its release to the environment through various
waste streams.2-Aminopyridine is not expected to
be readily biodegradable in aerobic and anaerobic
conditions [18]. If released into water, 2Aminopyridine is not expected to adsorb to
suspended solids and sediments in water.
Biodegradation in water may slowly occur. If
released to air, 2-Aminopyridine will exist as a
vapour in the ambient atmosphere. Vapour-phase 2Aminopyridine will be degraded in the atmosphere
by reaction with photochemically-produced
hydroxyl radicals; the half-life for this reaction in air
is estimated to be 19 hours. Because of its high
water solubility, a large fraction of vapour phase
pyridine released to the atmosphere would also tend
to dissolve in water vapour (such as rain drops).If
released to soil, 2-Aminopyridine is expected to
have very high mobility. 2-Aminopyridine degrades
slowly in soil. In one study, 2-Aminopyridine was
found to completely degrade in greater than 96 days
under both aerobic and anaerobic conditions. [18]

2. MATERIALS AND METHODS2.1 Chemicals:
2 Aminopyridine Extra pure (98% assay) was
purchased from SD Fine Chem. Ltd. (India).
Hydrogen Peroxide (H2O2) (50% w/w) and Ferrous
Sulfate Heptahydrate (FeSO4.7H2O) was purchased
from Merck (India). The chemicals were used as
received in the Oxidation Process. Hydrochloric
acid (HCl, Merck, India, 35% purity), Sulfuric acid
(H2SO4, Merck, India, 98% purity), Sodium
hydroxide (NaOH, Merck, India, 98% purity),were
also used in the experiments.
2-Aminopyridine Stock Solution
The 2-Aminopyridine aqueous stock solution of
1000mg/L concentration was prepared with
Millipore Elix-3deionized water every week and
stored in the dark at 40C.
2.2. Experimental Procedure
The experiments were conducted at ambient
temperature (27±30C) in batch reactors. A 1000 mL
solution of required 2-Aminopyridine concentration
was prepared from the stock 2-Aminopyridine
solution and was taken in a 2 litre reactor. Initial pH
of the solution was maintained using 0.1 N H2S04
and 0.1NNaOH. Appropriate amount of Fe2+
concentration from the1000 mg/L stock solution,
freshly prepared from FeSO4.7H2O, was added to
the reactor bath and stirred with magnetic stirrer.
Required amount of H2O2 was added to the reactor
bath to initiate the reaction. For the experiments, pH
was adjusted after adding appropriate iron and H2O2
solution, stirred with magnetic stirrer . The mixture
of 2-Aminopyridine solution and Fenton’s reagent
was stirred with magnetic stirrer during treatment.
The experiment of Photo-Fenton oxidation is similar
except stirring is carried out in presence of UV light
(253.7nm) in specially designed UV reactors. The 2Aminopyridine solution samples were taken out for
analysis at pre-defined time intervals and filtered
through 0.45 µm Millipore filter membrane for COD
analysis and also through a 0.45 µm Millipore
Syringe filter for determination of 2-Aminopyridine
concentration by using UV-VIS Spectrophotometer.

1.3 Treatment Alternatives: The pyridine derivative
2-Aminopyridine is toxic and harmful as well as
difficult to degrade when present in the
environment. Therefore, industrial wastewater
containing 2-Aminopyridine must be treated, before
discharging into the environment. Methods like
Thermal incineration and Ultrafiltration are not
economical.
Biological
methods
are
environmentally friendly, using optimised natural
pathways to actually destroy pollution and transform
it into another form [20].In these cases, however,
due to the high organic load, toxicity and persistent
nature of 2-Aminopyridine, biological treatment is
not feasible. In such a case, chemical pre-treatment
like the advanced oxidation technologies can be
investigated, because it can adequately increase the
biodegradability and remove toxicity of the
wastewater prior to biological treatment. [19]. AOPs
as those processes which rely on the generation of
very reactive oxidizing agents, i.e. free radicals such
as the hydroxyl radical (•OH). •OH can initiate
oxidative degradation reactions of refractory
synthetic and natural organic compounds and is
capable of mineralizing them ultimately to carbon
dioxide and water owing to their high oxidation
potential (+2.80 eV) in aqueous solution. A great
number of methods have been classified under the
broad definition of AOPs. Most of them use a
combination of strong oxidizing agents (e.g
hydrogen peroxide and or ozone) with catalysts (e.g.
transition metal ions like ferrous salts) and
irradiation (e.g. ultraviolet) [28]. One such advanced
oxidation method called the Fenton and PhotoFenton is therefore studied here for such type of
waste containing the 2-Amino derivatives of
pyridine.

2.3. Analytical Methods
2-Aminopyridine solutions of concentration 10, 20,
30, 40, 50, 60, 70 and 80mg/L were prepared and
UV-VIS spectra were recorded from190 to 400 nm
using UV-VIS double beam spectrophotometer
(Systronics-2201). The absorbance peaks of 2Aminopyridine for all the considered concentrations
were at wavelength 290 nm. A standard absorbance
verses 2-Aminopyridine concentration calibration
curve was prepared by single wavelength mode
using
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2-Aminopyridine standards. This curve was used to
determine the 2-Aminopyridine concentrations in
aqueous solutions during the subsequent
experiments. The concentration of 2-Aminopyridine
in the aqueous solution at wavelength 290 nm was
measured immediately after removal of samples
from the reactor using the standard curve, which has
already been calibrated with UV-VIS Double beam
Spectrophotometer. The pH was measured with a
digital pH meter (Lovibond – pH 100). The COD of
the samples was determined by Closed Reflux
Titrimetric method as per the procedure outlined in
the Standard Methods (APHA 2005).Final COD was
quantitatively corrected for hydrogen peroxide
interference according to the correlation equation
given by Kang et al. (1999).The Iron concentration
was measured using Spectrocolorimeter (PC
Spectroll, Lovibond) by Thiocynate-colorimetric
Method. The H2O2 concentration was determined by
Iodometric titration method.

Whereas Fenton treatment showed 93% degradation
of 2AP and 85% COD removal at same pH as seen
in Fig.1 (a).The 2-AP removal efficiency was
reduced for the other pH values. At higher pH
(above 4), ferrous ions get easily converted to ferric
ions, which have a tendency to produce ferrichydroxo complexes with H2O2. Additionally, the
reduction in the oxidation potential of hydroxyl
radical with increase in pH greater than 4 has been
reported. The low degradation at pH 2 and 2.5 is due
the hydroxyl radical scavenging by H+ ions and also
there was an inhibition for the radical forming
activity of iron.
3.2 Effect of H2O2 and Fe2+concentration
Hydrogen peroxide was the basis for the radical
generation in Fenton’s Oxidation. The hydroxyl
radicals either oxidize the pollutant and other
intermediates or react with the oxidant itself to
cause reduction in pollutant removal efficiency.
Hence, an investigation of H2O2 consumption and
optimization in Fenton’s oxidation was vital for
using H2O2 efficiently. The investigation for
optimization of hydrogen peroxide concentration
was carried out by varying H2O2 concentration from
10 to 50 mg/L, keeping the iron concentrations (02mg/L) constant for each varied set of H2O2 conc.

3.RESULTS AND DISCUSSSION
3.1 Effect of pH
The pH controls the production rate of hydroxyl
radical and concentration of Fe2+. To determine
optimal pH, experiments were conducted at different
pH values varying from 2 to 5 with initial trial 2Aminopyridine (2-AP) concentration of 10 mg/L,
[H2O2] = 30 mg/L and [Fe2+] = 1 mg/L.

Fig.1(a) Effect of pH on % 2AP and COD removal by Fenton
Oxidation .[2AP]0 = 10mg/L ;[H202] = 30mg/L; [Fe2+]=1.0mg/L

Optimum pH 3 was obtained by the present study on
Fenton’s oxidation of 2AP solutions and was set for
subsequent experiments.The maximum 2-AP
reduction and COD removal for 10mg/l conc. of
2AP were found to be 96% and 90% respectively at
pH 3.0 for photo-Fenton oxidation as shown in
Fig1(b).

Fig.2. Fenton studies on Degradation of 2-AP and % COD
removal.[2AP]0 = 10mg/L;[COD]0 = 32.5mg/L at pH
3.0;[H202]opt = 30mg/L;[Fe2+]opt = 1.0mg/L

The max reduction values of 95.3% at optimum pH
= 3.0 were obtained corresponding to optimum
H2O2 conc. of 30mg/l for Fenton oxidation and
100% reduction values of 2-AP corresponding to
H2O2 values of 20mg/l in case of Photo-Fenton
treatment as shown in Fig.3

Fig.1(b)Effect of pH on % 2AP and COD removal by
PhotoFenton Oxidation .[2AP]0 = 10mg/L ;[H202] = 30mg/L;
[Fe2+]=1.0mg/L
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spectrophotometer which proved the absence of 2AP peak after both Fenton and Photo-Fenton
oxidation treatments as shown in Fig 4.

Fig.3 PhotoFenton studies on Degradation of 2-AP and %
COD removal;[2AP]0 = 10mg/L;[COD]0 = 32.5mg/L at pH =
3.0;[H202]opt = 20mg/L;[Fe2+]opt = 0.75mg/L
Fig.4 UV-VIS scan showing pre and post treatment curves
indicating absence of 2-AP peak after Fenton (F) and PhotoFenton (PF) Oxidation.

It has also been observed that at higher Fe2+
concentrations the 2-AP and COD removals were
reduced. This may be due to the ferrous ion
inhibition that occurs when high concentration of
Fe2+ was present in the system and Fe2+ itself can
react with OH radicals resulting the scavenging of
OH radical.

Chemical
Aminopyridine

Structure

of

2-

4.CONCLUSION
3.3. Effect of initial concentration of
2-Aminopyridine (2-AP)
Experiments were conducted to study the effect of
initial 2-AP concentrations (10, 20, 30, 40, 50, 60,
70 and 80 mg/L) using both Fenton’s and PhotoFenton oxidation process. For
initial 2-AP
concentrations from 10 to 80mg/L using PhotoFenton oxidation, the optimum ratio of [2AP]/
[H2O2] was observed to be 1:[1.7-2] (w/w) and the
optimum ratio of [H2O2]/[Fe2+] was observed to be
[27-40]:1 (w/w) at pH 3 after a reaction time of 24
hours (data not shown here). Fenton runs showed
higher ratios [2AP]/[H2O2]:[1]/[2.5] and [H2O2]/
[Fe2+]:[30-

2-AP degradation of 100% was observed in both
Fenton and Photo-Fenton oxidation for 10mg/L of
2-AP. Whereas the COD removal efficiency in case
of Fenton oxidation was 95.3% which is less than
97.1% ,that obtained using Photo-Fenton oxidation
Thus Photo-Fenton oxidation of 2-AP is very
effective as compared to Fenton process, as 100%
removal of 2-AP is achieved for doses upto 40mg/L
and thereafter almost more than 95% removal on
further increase in dose conc. Fenton runs are
ineffective at higher conc of drug since efficiency of
less than 90% is achieved with COD removals of
75% only.
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